Abstract
Introduction
Seawater is one of the most corroded and most abundant naturally occurring electrolytes, covering about 70% of the earth's surface. The corrosively of the seawater is reflected by the fact that most of the common structural metals and alloys are attacked by this liquid or its surrounding [1] . Carbon steel is the most versatile, least ex-cially from British Drug House (BDH). Melting point was determined on a Gllenkamp melting point apparatus. The infrared spectra of the ligand and its complexes were recorded in the range (4000 -400) cm −1 on a Shimadzu (8300) FTIR Spectrophotometer, using CsI pellets. Elemental analysis for carbon, hydrogen and nitrogen elements were carried out at the Euro vecter-EA3000A C. H. N. Analyzer, Al al-Bayt University (Jordan). 1 HNMR and 13 C-NMR spectra was recorded on a make Bruker model ultrashied 300 MHz, NMR at AhlAl-Bait University (Jordan).
Preparation Method of 2(Benzo[d]thiazol-2-ylamino)-2-(2-hydroxy-phenyl) Acetonitrile
A general method [31] [32] can be adopted for preparation which can be described as follows: The 2-hydroxybenzaldehyde (1 mmol) was added to (20 ml) glacial acetic acid, p-toluene sulphonic acid was added in very small portion as catalyst, followed by addition of (1 mmol) benzothiazol-2-ylamine. The pH was adjusted to about 4 by addition of concentrated sulfuric acid drop wise to obtain Schiff base which stirred for 30 min. Potassium cyanide (2 mmol) was added to the mixture and kept under stirring for 4 days. The reaction mixture was poured into ice and then made slightly alkaline with ammonium hydroxide solution. The solid precipitate which formed was filtered, washed with water and air dried. The presence of nitrile group in the prepared α-amino nitrile was indicated by treating few amount of the sample with 10% sodium hydroxide solution, the liberation of ammonia after hydrolysis of nitrile group, which was detected by wet red litmus paper, indicating the presence of nitrile group.
Corrosion Measurement
The electrolyte solution (3.5% NaCl), was prepared from reagent grade NaCl. The corrosion cell used had three electrodes, the reference electrode was a silver/silver chloride electrode., the platinum electrode was used as auxiliary electrode, and the working electrode was carbon steel specimens and the preparation procedure was as follows: thin disks with section-area of 1 cm 2 were cut from the carbon steel (CK45) sheet with chemical analysis of; C (0.45), S (<0.030), Mn (0.65), Si (0.25) (wt%) and Fe (remainder). Carbon steel disks were mechanically ground down by 1200 grit abrasive SiC papers, then washed with distilled water and methanol and dried in warm and dry air flow.
The electrochemical measurement were carried out using advanced computerized potentiostatmodel Wenking MLab-200 of Bank Elektronik-Intellignt controls GmbH (Germany) and jacketed Pyrex glass cell. Polarization curves were recorded at constant sweep rate of 2 mv/s and scanning range was from −200 to + 200 mv with respect to the open circuit potential. Before each experiment, the working electrode was immersed in the test cell for 30 min until to reach steady state condition. All tests were carried out at constant temperature (within ±1˚C) by controlling the cell temperature using a cooling heating circulating water bath.
Result and Discussion

Preparation and Identification Benzothiazol Derivative
Purity of the obtained compound was examined by TLC, using chloroform and ethyl acetate (1:1) as effluent. The product color was brown yellow and the yield percentage was (83.76%) and the melting point was (70˚C -71˚C). The reaction was clarified below:
The elemental analysis and some physical properties of the compound are in Table 1 . The significant FTIR bands Figure 1 of (Benzothiazol-2-ylamino) (2-hydroxy-phenyl)-acetonitrile compound and its assignments are given in Table 2 . The FTIR showed some characteristic bands related to α-amino nitriles; like 2337 cm −1 which could be attributed to υ (C≡N) group [32] . Infrared spectrum showed stretching band at 3233 cm
band. The next characteristic band near 1616 cm −1 which could be attributed to δ(N-H) group. The FTIR spectrum also showed a characteristic aromatic bands at 3062 cm −1 and out of plane bending at 752 cm −1 for ortho-substituted benzene ring, while it showed the disappearance of (C=O) band [33] [34]. The 1 H NMR spectra Figure 2 of the same compound in DMSO with assignments are collected in Table 3 . The 1 H NMR spectra showed besides the aromatic proton signals at 7 -7.7 ppm, the phenolic OH proton has a signal 5.6 ppm the signals due to NH and CH appear at 3.4 and 4.8 ppm, respectively [35] [36] . 13 C NMR spectrum Figure 3 shows result which was listed in Table 4 .
Effect of Inhibitor Concentration
Figures 4(a)-(d)
show the polarization curves for carbon steel in 3.5% NaCl in present and absent of different inhibitor concentration ranging between (10 -1000) ppm, in temperature range (298 -323) K. Electrochemical parameters such as corrosion potential (E corr ), cathodic and anodic Tafel slopes (bc and ba) and corrosion current density (i corr ) were extracted by Tafel extrapolating the anodic and cathodic lines and are listed in Table 5 .
The degree of surface coverage (θ) and the percentage of protection efficiency (P%) were calculated using the following equations [23] Table 4 . 
where i ocorr and i corr are corrosioncurrent densities in the absent and present of inhibitor, respectively. From the result in Table 1 , it can be observed that the values of corrosion current density (i corr ) of carbon steel in the inhibitor-containing solutions were lower than those for the inhibitor-free solution. The corrosion current densities at all inhibitor concentration are decreased.
Adsorption Isotherms
Adsorption isotherms provide information about the interaction of the adsorption molecules with the electrode surface [28] . The adsorption of an organic adsorb ate at metal-solution interface can be presented as substitution adsorption process between the organic molecules in aqueous solution, (Org (sol) ), and the water molecules on metallic surface, (H 2 O (ads) ) [25] . 
(Org (sol) ) and Org (ads) are organic species dissolved in the aqueous solution and adsorbed onto the metallic surface, respectively, H 2 O (ads) is the water molecule adsorbed on the metallic surface and X is the size ratio respectively, the number of water molecules replaced by one organic adsorb ate. For the studied inhibitor, it was found that the experimental data obtained from polarization reading could be fitted by Langmuir isotherm and Frumkin's isotherm. Among the tow isotherms, the best fit adsorption isotherm is the Frumkin adsorption isotherm for adsorption of inhibitor on carbon steel surface with the mean R 2 value 0.9989. This means that there is an adsorption on a homogenous surface with interaction in the adsorption layer and the negative "a" value suggested that there is a decrease in the adsorption energy that is caused by the repulsive lateral force between the molecules in the adsorbed layer. The inhibitor follows Frumkin adsorption isotherm. The adsorption on a 
Taking log on the both sides, it becomes;
where "a" is the interaction parameter which can be positive or negative. A positive value indicates that the adsorption energy is increased by the lateral attraction between the adsorbed molecules and the negative values suggest that there is the presence of the lateral force of repulsion between the molecules in the adsorbed layer. Therefore, inhibitor after adsorption through N, O, S, atoms on the metal surface experiences lateral repulsive interactions among the N, CN, OH, S=. This also supplements that the adsorption of this inhibitor occurs via donation of electrons of N, O, S atoms to the metal. From Figure 5 values of K and "a" are calculated from intercept and slope, respectively. The value of free energy of adsorption (ΔG) ads are calculated by using the following equation [37] .
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The various values are tabulated in the Table 5 . The mean value of ΔG ads for this isotherm is −34.2595 kJ/mol. The negative value of ΔG ads indicates the spontaneity of the adsorption process and the stability of the adsorbed layer on the carbon steel surface. The low ΔG ads value in the present case further confirms physical adsorption. Gibbs free energy values, ΔG ads between −49 kJ/mol and −58 kJ/mol are indicative of chemisorption to Bereket et al. [38] . The low ΔG ads value in the present case further confirms physical adsorption.
Effect of Temperature
The data in Table 7 reveal the effect of temperature on i corr and WL (g/m 2 •d), CR (mm/y), and P% for carbon steel in 3.5% NaCl solution. The result suggests that the inhibitor slightly adsorbed on carbon steel surface at all temperatures studied. The value of P% of different inhibitor concentration generally decreases with the increase of temperature. The apparent activation energy (Ea * ) for the corrosion process in absence and presence of the inhibitor was evaluated from Arrhenius equation [28] :
where R corr is the corrosion rate A is the frequency factor and Ea * is the apparent activation energy, R is universal gas constant (8.314 J•mol
). The plot of logarithm of corrosion rate of carbon steel obtained from corrosion current densities versus the reciprocal of absolute temperature rang (293 -323) K, give straight lines with slope of −Ea * /2.303RT as shown in Figure 6 .
The thermodynamic parameters of carbon steel in 3.5% NaCl media in absence and in presence of inhibitor under test are given and they can be calculated using transition state Equation (11) [39] . 
where CR is the corrosion rate, Ea is the apparent activation energy, R is the universal gas constant (8.314 Table 6 . Polarization measurements summary of carbon steel specimens in artificial sea water (3.5% NaCl)/inhibitor at different temperatures. Figure 7 which represents the plot of log(CR r /T) against (1/T).
Straight lines are obtained with a slope of (−ΔH * /2.303R) and an intercept of (logR/Nh + ΔS * /2.303R) from which the values of ΔH * and ΔS * were calculated. Then ΔG * calculated using the following equation:
and listed in Table 7 .
Analysis of the temperature dependence of inhibition efficiency as well as comparison of corrosion activation in absence and in presence of the inhibitors give some insight into the possible mechanism of inhibitor adsorption. A decrease in inhibition efficiency with rise in temperature, with analogous increase in corrosion activation energy in the presence of (100, 1000) ppm compared to its absence, is frequently interpreted as being suggestive of a physical adsorption [40] .
Also the lower ΔH * values indicate that the inhibited corrosion reaction of carbon steel is supporting the proposed physisorption mechanism [34] [41] . The entropy of activation ΔS * in the presence inhibitor is small and negative values. This implies that the activated complex in the rate determining step represents dissociation rather than association meaning that the increase in a disordering takes place on going from activated complex to reactants, which ΔS * values In absence of inhibitor is more small and negative that indicate to the association rather than of presence inhibitor [41] .
The activation energy for corrosion reaction with using 10 ppm inhibitor was lower than in absence of inhibitor, that indicate the increasing in the ability of the corrosion rate a cording to uncompleted adsorption layer but log A values decreased with adding low inhibitor concentration. 
Conclusion
2-(Benzo[d]thiazol-2-ylamino)-2-(2-hydroxy-phenyl) acetonitrile was prepared and identified successfully, then used as corrosion inhibitor. The value of i corr in case of presence of inhibitor in the three concentrations was lower than i corr in absence of inhibitor. A best protection efficiency was 73.01% in the case using 1000 ppm of the inhibitor at 293 K, and by increasing temperature, protection efficiency decreased in general; the kinetics and thermodynamic study showed that the inhibitive action took place through the physisorption of the inhibitor molecules on the carbon steel surface and that the adsorption of inhibitor on carbon steel surface obeyed Frumkin isotherm.
